Free-electron laser facilities provide new applications in the field of high-pressure research including planetary materials. The European X-ray Free Electron Laser (XFEL) in Hamburg, Germany [1] will start user operation in 2017 and will provide photon energies of up to 25 keV.
Free-electron laser facilities provide new applications in the field of high-pressure research including planetary materials. The European X-ray Free Electron Laser (XFEL) in Hamburg, Germany [1] will start user operation in 2017 and will provide photon energies of up to 25 keV.
With a photon flux of ca 10 12 photons/pulse, a pulse duration of 2 -100 fs and a repetition rate of up to 4,5 MHz, this facility will provide unique opportunities to study material under extreme conditions. The high-energy density science instrument (HED) [2] is one of the six baseline instruments at the European XFEL. It is dedicated to the study of dense material at strong excitation in a temperature range from eV to keV and pressures > 100J/mm 3 . It will enable studying structural and electronic properties of excited states with hard x-rays. The instrument is currently in its technical design phase. Besides the use of the x-ray FEL beam as a possible pump and/or probe, it will be equipped with a 100J-class high-energy, an 100TW-class ultrahigh intensity and a mJ-class MHz repetition rate optical laser system. The high-energy laser has a pulse duration of a few to 20 nano seconds with temporal shaping capability. The expected repetition rate is > 1Hz. Probing of the laser-generated excited states will be performed with the x-ray free electron laser (FEL). In the energy range between 5 and 25 keV, it will be possible to study samples by x-ray diffraction, inelastic x-ray scattering, x-ray spectroscopy and imaging techniques. Due to the high excitation energies, diffraction patterns will have excellent quality and a wide range of elements ( Z > 22) will be accessible by x-ray absorption spectroscopy. In addition, the high brilliance and coherence of the FEL radiation will enable spatially resolved studies.
In this contribution, we present the x-ray instrumentation and foreseen x-ray techniques at HED and concentrate on prototype hard-condensed matter experiments in the field of planetary research as proposed during recent user consortium meetings for this instrument. These include quasi-isentropic (ramped) compression and shock compression experiments.
